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0DUN -� -DQVHQ

$<7 &RUSRUDWLRQ

%URRN 3DUN� 2KLR �����

:LOOLDP 5� -RQHV� -U�

1DWLRQDO $HURQDXWLFV DQG 6SDFH $GPLQLVWUDWLRQ

*OHQQ 5HVHDUFK &HQWHU

&OHYHODQG� 2KLR �����

5RDPHU (� 3UHGPRUH

1DWLRQDO $HURQDXWLFV DQG 6SDFH $GPLQLVWUDWLRQ

*RGGDUG 6SDFH )OLJKW &HQWHU

*UHHQEHOW� 0DU\ODQG �����

$%675$&7

$ EHDULQJ WHVW DSSDUDWXV ZDV XVHG WR LQYHVWLJDWH

OXEULFDQW GHJUDGDWLRQ UDWHV DQG HODVWRK\GURG\QDPLF

WUDQVLWLRQ WHPSHUDWXUHV IRU VHYHUDO SHUIOXRURSRO\HWKHU

�.U\WR[� IRUPXODWLRQV� D SHQWDVLODK\GURFDUERQ� DQG D

V\QWKHWLF K\GURFDUERQ �3HQQ]DQH ����$� LQ D 03%

���� EHDULQJ� ZKLFK LV XVHG LQ WKH JHRVWDWLRQDU\

RSHUDWLRQDO HQYLURQPHQWDO VDWHOOLWH �*2(6� PLVVLRQ ILOWHU

ZKHHO DVVHPEO\� 7HVW FRQGLWLRQV ZHUH WKH IROORZLQJ�

�����KRXU GXUDWLRQ� ���&� �� OE� D[LDO ORDG� YDFXXP OHYHO

��[���� 7RUU� DQG D ����530 URWDWLRQDO VSHHG� %DVH�

OLQH WHVWV ZHUH SHUIRUPHG XVLQJ XQIRUPXODWHG .U\WR[

���$%� WKH KHULWDJH OXEULFDQW� .U\WR[ DGGLWLYH

IRUPXODWLRQV VKRZHG VPDOO UHGXFWLRQV LQ GHJUDGDWLRQ

UDWH� .U\WR[ *3/����� D KLJKHU YLVFRVLW\ YHUVLRQ� \LHOGHG

WKH OHDVW DPRXQW RI GHJUDGDWLRQ SURGXFWV� %RWK WKH

VLODK\GURFDUERQ DQG 3HQQ]DQH ����$ VKRZHG QR VLJQV

RI OXEULFDQW GHJUDGDWLRQ DQG KDG DPSOH DPRXQWV RI IUHH

RLO DW WHVW FRQFOXVLRQ�

,1752'8&7,21

7KH *HRVWDWLRQDU\ 2SHUDWLRQDO (QYLURQPHQWDO 6DWHOOLWH

�*2(6� SURJUDP LV WKH NH\ HOHPHQW LQ SURYLGLQJ WKH

8QLWHG 6WDWHV ZLWK FRQWLQXRXV DQG UHOLDEOH ZHDWKHU GDWD�

7KH VDWHOOLWH RSHUDWHV LQ JHRV\QFKURQRXV RUELW DQG

PRQLWRUV WKH 8QLWHG 6WDWHV� $WODQWLF� 3DFLILF� DQG &HQWUDO

DQG 6RXWK $PHULFD� 7KH PDLQ LQVWUXPHQWV RQ WKH

VDWHOOLWH DUH WKH ,PDJHU DQG WKH 6RXQGHU� 7KH ,PDJHU

SURYLGHV GDWD RQ UDGLDQW HQHUJ\ DQG UHIOHFWHG VRODU

HQHUJ\� 7KH 6RXQGHU LV XVHG WR PHDVXUH YHUWLFDO

DWPRVSKHULF WHPSHUDWXUH DQG PRLVWXUH SURILOHV� VXUIDFH

DQG FORXG WRS WHPSHUDWXUH� DQG R]RQH GLVWULEXWLRQ >�@�

6SDFH PHFKDQLVPV XVH D YDULHW\ RI FRPSRQHQWV WKDW

LQFRUSRUDWH DQJXODU FRQWDFW EHDULQJV� LQFOXGLQJ WKH ILOWHU

ZKHHO DVVHPEO\ LQ WKH 6RXQGHU XQLW RQ WKH *2(6

VSDFHFUDIW� 2IWHQ� WKH RQO\ VRXUFH RI OXEULFDQW IRU WKH

EHDULQJV FRPHV IURP DQ LPSUHJQDWHG FDJH DQG D IHZ

PLOOLJUDP FKDUJH ORDGHG XSRQ EXLOGXS >�@�

7KH 6RXQGHU LQ WKH *2(6 VDWHOOLWH XVHV D ILOWHU ZKHHO

DVVHPEO\ WR SHUIRUP VSHFWUDO DQDO\VLV RI OLJKW� 7KH

DVVHPEO\ FRQVLVWV RI �� ILOWHU ZLQGRZV DUUDQJHG LQ WKUHH

FRQFHQWULF ULQJV RQ D ���� FP ����� LQ�� GLDPHWHU GLVN�

7KH ZKHHO LV URWDWHG DW D FRQVWDQW VSHHG RI ��� 530�

7R HQVXUH SURSHU RSHUDWLRQ RI WKH ILOWHU ZKHHO DVVHPEO\�

ZREEOH DQG MLWWHU RI WKH DOXPLQXP GLVN PXVW EH

PLQLPL]HG DQG WHPSHUDWXUH PDLQWDLQHG� 7KH ILOWHU ZKHHO

KDV KHDWHUV DQG SUHFLVLRQ WHPSHUDWXUH FRQWURO FLUFXLWV

WKDW PDLQWDLQ WKH KRXVLQJ WR ZLWKLQ ��& RI WKH VHW

WHPSHUDWXUH >�@�

7KH ZKHHO LQFRUSRUDWHV D GXSOH[ SDLU RI DQJXODU FRQWDFW

EHDULQJV� 7KH EHDULQJV DUH PDQXIDFWXUHG E\ 7LPNHQ

$HURVSDFH %HDULQJV �03%� DQG DUH GHVLJQDWHG �����

7KH EHDULQJV KDYH DQ 2�'� RI ����� PP ������� LQ��� D

ERUH RI ����� PP ����� LQ��� HLJKWHHQ ����� PP ������

LQ�� 7L& FRDWHG ���& EDOOV� DQG D SUHORDG RI �� 1 ��� OE��

7KH UDFHZD\V DUH GLDPRQG SROLVKHG DQG DFLG�

SDVVLYDWHG� 7KH EHDULQJ XVHV D SRURXV SRO\LPLGH FDJH

WKDW LV LPSUHJQDWHG ZLWK DSSUR[LPDWHO\ ����PJ RI .U\WR[

���$%� $Q DGGLWLRQDO ���PJ FKDUJH RI IUHH RLO LV DGGHG

DW EXLOGXS� 7KH GHVLJQ RSHUDWLQJ WHPSHUDWXUH ZDV ��&

WR ���&� 8QGHU WKHVH FRQGLWLRQV� WKH EHDULQJV ZLOO

RSHUDWH LQ WKH HODVWRK\GURG\QDPLF OXEULFDWLRQ �(+/�

UHJLPH� 7KH GHVLJQ OLIH RI WKH EHDULQJ SDLU LV � \HDUV

ZLWK DQ RSHUDWLRQDO OLIH RI � \HDUV�
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,Q SDVW *2(6 PLVVLRQV� KLJKHU ILOWHU ZKHHO WHPSHUDWXUHV

KDYH EHHQ REVHUYHG� ,Q *2(6 �� WKH PRWRU KRXVLQJ

UHDFKHG WHPSHUDWXUHV RI ���& HYHU\ GD\ DQG KDG

UHDFKHG D KLJK RI ���&� 7KLV UDLVHG FRQFHUQV DERXW WKH

SRVVLELOLW\ RI D WUDQVLWLRQ IURP (+/ WR ERXQGDU\

OXEULFDWLRQ DQG DOVR UHGXFHG ILOWHU ZKHHO OLIH GXH WR

OXEULFDQW HYDSRUDWLRQ�

$ OLIH WHVW RI ILOWHU ZKHHO EHDULQJV ZDV SHUIRUPHG DW ,77

FRQFXUUHQWO\ ZLWK WKH EXLOG XS RI WKH IOLJKW V\VWHP�

'XULQJ WKHVH WHVWV� WKH WHPSHUDWXUH ZDV F\FOHG EHWZHHQ

���& DQG ���& DQG QR VLJQLILFDQW SUREOHPV RU WRUTXH

DQRPDOLHV RFFXUUHG� +RZHYHU� LW VKRXOG EH QRWHG WKDW

WKH WHPSHUDWXUH F\FOHV ZHUH ORZHU WKDQ VHHQ LQ RUELW�

(IIRUWV ZHUH PDGH WR LQGXFH WRUTXH DQRPDOLHV� EXW ZHUH

QRW VXFFHVVIXO� $W WKH FRQFOXVLRQ RI WKH WHVW� WKH

EHDULQJV ZHUH GLVDVVHPEOHG DQG DSSHDUHG LQ JRRG

FRQGLWLRQ ZLWK DPSOH IUHH RLO�

$QDO\VLV RI WKH WHVW EHDULQJV ZDV SHUIRUPHG DW

$HURVSDFH &RUS >�@� 7KH $HURVSDFH UHVXOWV SURYLGHG

VRPH HYLGHQFH IRU HYDSRUDWLYH ORVV RI RLO LQ WKH WHVW

EHDULQJV� 7KLV KHLJKWHQV FRQFHUQV LQ IOLJKW EHDULQJV�

EHFDXVH RI WKH KLJKHU WHPSHUDWXUHV H[SHULHQFHG LQ RUELW�

7KHVH UHVXOWV DOVR VKRZHG VRPH OXEULFDQW GHJUDGDWLRQ�

EXW QRW DQ XQXVXDOO\ KLJK DPRXQW� )XUWKHUPRUH�

FRQFHUQV ZHUH UDLVHG DERXW UHDFWLRQV RI WKH OXEULFDQW

ZLWK WKH 7L& FRDWHG EDOOV� 2WKHU REVHUYDWLRQV VKRZHG

H[WHQVLYH RLO GHJUDGDWLRQ ZKHQ WKH 7L& FRDWHG EDOOV KDG

EHFRPH SLWWHG DQG WKLV ZDV REVHUYHG LQ WKH OLIH WHVW

EHDULQJV� 7KH ILQDO UHFRPPHQGDWLRQV IURP $HURVSDFH

ZHUH WR FRQVLGHU RWKHU� ORZHU YDSRU SUHVVXUH OXEULFDQWV

DQG D PRUH EHQLJQ VXUIDFH FKHPLVWU\ >�@�

,Q ����� WHVWV WR VWXG\ WKH HIIHFW RI EHDULQJ WHPSHUDWXUH

RQ ILOP IRUPLQJ FDSDELOLWLHV RI .U\WR[ ���$% ZHUH

SHUIRUPHG DW 1$6$ *OHQQ 5HVHDUFK &HQWHU >�@� 7KH

IDFLOLW\ XVHG IRU WKHVH H[SHULPHQWV LV WKH VDPH DV

GHVFULEHG ODWHU LQ WKLV SDSHU� 'XULQJ WKHVH SUHOLPLQDU\

WHVWV� WKH EHDULQJ ZDV ERWK KDUG DQG VRIW ORDGHG DQG

WKHQ KHDWHG WR ���&� 7KHVH WHVWV LQGLFDWHG D WUDQVLWLRQ

IURP WKH (+/ UHJLPH WR PL[HG OXEULFDWLRQ EHJDQ DURXQG

���&� EXW WKH PDLQ WUDQVLWLRQ RFFXUUHG DW DERXW ���&�

7KHVH VKRUW�WHUP WHVWV VKRZHG QR VLJQV RI RLO

GHJUDGDWLRQ� DOWKRXJK PXFK RI WKH IUHH RLO ZDV JRQH

ZKHQ WKH EHDULQJ ZDV GLVDVVHPEOHG� 7KH UHWDLQHU KDG

RQO\ ORVW DERXW � PJ RI RLO >�@�

7KH SXUSRVH RI WKH VWXG\ UHSRUWHG KHUH ZDV WR FRQWLQXH

WR H[DPLQH WKH HIIHFWV RI WHPSHUDWXUH DQG PDWHULDOV RQ

WKH GHJUDGDWLRQ UDWH DQG (+/ SURSHUWLHV RI .U\WR[

���$%� VRPH DGGLWLYH IRUPXODWLRQV RI .U\WR[ ���$%�

.U\WR[ *3/���� ² D KLJKHU YLVFRVLW\ WKDQ ���$%�

3HQQ]DQH ����$� DQG D WULVLODK\GURFDUERQ LQ 03% ����

WHVW EHDULQJV�

(;3(5,0(17$/

0$7(5,$/6

)RU WKLV VWXG\� SRO\LPLGH FDJHV ZHUH XVHG H[FHSW IRU

RQH EDVHOLQH WHVW� ZKHUH D SKHQROLF FDJH ZDV HPSOR\HG�

3RO\LPLGH ZDV FKRVHQ EHFDXVH RI LWV XVH LQ FXUUHQW

VSDFH PHFKDQLVPV� 7KH UDFHZD\V ZHUH ���&� DQG LQ

RQH WHVW WKH UDFHZD\V ZHUH FRDWHG ZLWK D WKLQ OHDG ILOP�

7KH EDOOV ZHUH DOO ���&� ZLWK VRPH WHVWV XVLQJ 7L&

FRDWHG ���&� )LYH OXEULFDQW�DGGLWLYH FRPELQDWLRQV ZHUH

WHVWHG� .U\WR[ ���$%� .U\WR[ ���$% ZLWK D SKRVSKLQH

DGGLWLYH �0/2 �������� .U\WR[ 7)/����� ���� $% ZLWK

�� RI DQ DQWLFRUURVLRQ DGGLWLYH�� .U\WR[ *3/���� �D

KLJKHU YLVFRVLW\ WKDQ .U\WR[ ���$%�� D

SHQWDVLODK\GURFDUERQ� DQG 3HQQ]DQH ����$ �D PXOWLSO\

DON\ODWHG F\FORSHQWDQH�� /XEULFDQW YLVFRVLWLHV DUH OLVWHG

LQ 7DEOH ��

7$%/( � ² 9LVFRVLW\ SURSHUWLHV RI WHVW OXEULFDQWV

/XEULFDQW

9LVFRVLW\ DW

���&

9LVFRVLW\ DW

����&

.U\WR[ ���$% �� ����

.U\WR[ *3/���� ��� ����

3HQWDVLODK\GURFDUERQ ��� ����

3HQQ]DQH ����$ ��� ����

7KH OHDG FRDWLQJV ZHUH XVHG WR WU\ WR SURYLGH D OHVV

UHDFWLYH VXUIDFH IRU WKH .U\WR[� /HDG FRDWLQJV PD\ DOVR

SURYLGH WKH DGGHG EHQHILW RI ORZHU IULFWLRQ WKURXJK VKHDU

ZLWKLQ WKH OHDG LWVHOI >�@ LQ WKH HYHQW WKDW WKH EHDULQJ

HQWHUV WKH PL[HG RU ERXQGDU\ OXEULFDWLRQ UHJLPH� /HDG

FRDWLQJ PD\ DOVR RIIHU WKH DGYDQWDJH RI D VPRRWKHU

VXUIDFH DQG WKHUHIRUH D ORZHU FRPSRVLWH VXUIDFH

URXJKQHVV� \LHOGLQJ ORZHU WUDQVLWLRQ VSHHGV WR

HODVWRK\GURG\QDPLF ILOP IRUPDWLRQ�

)RU DOO WKH WHVWV HLWKHU ���& RU 7L& FRDWHG ���& EDOOV

ZHUH XVHG� 7KH 7L& FRDWHG EDOOV SURYLGH WKH EHDULQJ

ZLWK VLPLODU EHQHILWV DV WKH OHDG FRDWHG UDFHZD\V� 7KH

7L& SURYLGHV D OHVV UHDFWLYH DQG VPRRWKHU VXUIDFH� 7KH

HIIHFWV RQ OLIH HQKDQFHPHQW LQ ERXQGDU\ OXEULFDWLRQ

XVLQJ 7L& FRDWHG EDOOV YHUVXV XQFRDWHG ���& EDOOV ZLWK

.U\WR[ ���$& DQG 3HQQ]DQH ����$ ZDV H[DPLQHG E\

-RQHV HW DO� >���@� 'HSHQGLQJ RQ VWUHVV OHYHO� DQ

HQKDQFHPHQW LQ OLIHWLPH EHWZHHQ WZR DQG IRXU WLPHV ZDV

REVHUYHG ZLWK .U\WR[ ���$&� EXW QR OLIH HQKDQFHPHQW

ZDV VHHQ ZKHQ XVLQJ 3HQQ]DQH ����$�
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$33$5$786

7KH DSSDUDWXV XVHG IRU WKHVH H[SHULPHQWV ZDV ILUVW

LQWURGXFHG E\ -RQHV HW DO� >�@ DQG LV VKRZQ LQ )LJXUH ��

7KH V\VWHP LV GHVLJQHG WR RSHUDWH DW ��[���� 7RUU DQG

EHWZHHQ WHPSHUDWXUHV RI ��� WR ����&� 7KH GHYLFH KDV

D FRPSXWHU GDWD DFTXLVLWLRQ �'$4� DQG FRQWURO V\VWHP

EDVHG XSRQ /DE9,(:� 7KH '$4 PRQLWRUV EHDULQJ

WHPSHUDWXUH� WRUTXH� ORDG� FURVV�EHDULQJ HOHFWULFDO

UHVLVWDQFH� DQG URWDWLRQDO VSHHG� 0RWLRQ LV SURYLGHG E\

D FRPSXWHU FRQWUROOHG VWHSSHU PRWRU DQG IHUURIOXLGLF

IHHGWKURXJK� 7KH V\VWHP DOORZV HLWKHU D FRQVWDQW

URWDWLRQDO VSHHG EHWZHHQ � DQG ���� 530 RU D SUHFLVH

GLWKHU DW D GHVLUHG DQJOH� 7KH ULJ XVHV D VRIW� GHDG

ZHLJKW ORDGLQJ V\VWHP� $ KHDWLQJ XQLW FDQ PDLQWDLQ WKH

EHDULQJ DW D FRQVWDQW WHPSHUDWXUH EHWZHHQ DPELHQW DQG

����& RU LPSRVH D WHPSHUDWXUH UDPS�

&URVV�EHDULQJ HOHFWULFDO UHVLVWDQFH LV PRQLWRUHG

WKURXJKRXW WKH WHVW� 7KH LQQHU UDFH LV HOHFWULFDOO\

LVRODWHG IURP WKH UHVW RI WKH ULJ� 7KH RXWHU UDFH LV

JURXQGHG� $ ����YROW VXSSO\ LV SURYLGHG DW WKH LQQHU UDFH

WKRXJK D ��� .Ω UHVLVWRU� 7KH YROWDJH DW WKH LQQHU UDFH

LV PHDVXUHG WR REWDLQ WKH YROWDJH GURS DFURVV WKH

EHDULQJ DQG WKH FURVV�EHDULQJ UHVLVWDQFH FDQ EH

FDOFXODWHG� 5HVLVWDQFH GDWD FDQ EH FDOFXODWHG IURP WKH

YROWDJH GURS� )URP WKH UHVLVWDQFH GDWD� WKH OXEULFDWLRQ

UHJLPH FDQ EH GHWHUPLQHG� $ ORZ FRQWDFW UHVLVWDQFH

LQGLFDWHV RSHUDWLRQ LQ WKH ERXQGDU\ RU PL[HG UHJLPH� $

KLJK RU LQILQLWH UHVLVWDQFH LQGLFDWHV HLWKHU RSHUDWLRQ LQ

WKH (+/ UHJLPH RU WKH EXLOG XS RI DQ HOHFWULFDOO\

LQVXODWLQJ IULFWLRQ SRO\PHU >�@�

7KH V\VWHP XVHV D VLQJOH 03% ���� DQJXODU FRQWDFW

EHDULQJ� ,W LV PRXQWHG ZLWKLQ D IL[WXUH� DOVR VKRZQ LQ

)LJXUH �� WKDW KROGV WKH LQQHU UDFH IL[HG DQG URWDWHV WKH

RXWHU UDFH� $ WKHUPRFRXSOH LV PRXQWHG WRXFKLQJ WKH

LQQHU UDFH DQG PHDVXUHV EHDULQJ WHPSHUDWXUH� +HDW LV

SURYLGHG E\ D EDQG KHDWHU WKDW HQFRPSDVVHV WKH

KRXVLQJ� 7RUTXH LV PRQLWRUHG XVLQJ DQ LQ�OLQH WRUTXH

PHWHU�

7(67 352&('85(

%HIRUH HDFK WHVW� D QHZ EHDULQJ ZDV SUHSDUHG� 7KH

EHDULQJ ZDV UHFHLYHG XQOXEULFDWHG� )LUVW� LW ZDV

VHSDUDWHG DQG WKH FDJH ZDV FOHDQHG IRU ILYH GD\V LQ

KH[DQH XVLQJ D VR[KOHW H[WUDFWRU� ,W ZDV WKHQ GULHG LQ D

YDFXXP RYHQ DW ����& IRU � GD\� 7KHQ� WKH FDJH ZDV

DOORZHG WR FRRO XQGHU YDFXXP� UHPRYHG� ZHLJKHG� DQG

LPPHGLDWHO\ SODFHG LQ WKH GHVLUHG OXEULFDQW� ,Q YDFXXP�

WKH FDJH ZDV VRDNHG LQ OXEULFDQW IRU WKUHH GD\V DW

����&� UHPRYHG� H[FHVV RLO ZLSHG RII� DQG UHZHLJKHG�

7KH GLIIHUHQFH LQ WKH ZHLJKWV ZDV UHFRUGHG DV WKH

UHWDLQHU ZHLJKW XSWDNH�

7KH EDOOV DQG UDFHZD\V ZHUH FOHDQHG XVLQJ D VROYHQW�

89 R]RQH SURFHVV� 7KH SDUWV ZHUH ILUVW XOWUDVRQLFDOO\

ULQVHG IRU WHQ PLQXWHV LQ WKH IROORZLQJ VROYHQWV

UHVSHFWLYHO\� KH[DQH� PHWKDQRO� DQG GLVWLOOHG ZDWHU�

7KH\ ZHUH UHPRYHG� ULQVHG ZLWK PHWKDQRO� DQG GULHG

ZLWK QLWURJHQ� 7KHQ� WKH\ ZHUH SODFHG LQ DQ 89 R]RQH

ER[ IRU D WRWDO RI ILIWHHQ PLQXWHV� 7KH SDUWV ZHUH URWDWHG

HYHU\ ILYH PLQXWHV WR HQVXUH WKDW DOO VXUIDFHV ZHUH

WUHDWHG�

7KH EHDULQJ ZDV UHDVVHPEOHG DQG ZHLJKHG� $ V\ULQJH

ZDV XVHG WR LQMHFW VHYHUDO VPDOO GURSV RI OXEULFDQW LQWR

WKH EHDULQJ� 7KH EHDULQJ ZDV URWDWHG DQG UHZHLJKHG�

7KH ZHLJKW FKDQJH LV WHUPHG WKH OXEULFDQW XSWDNH� 7KH

WDUJHW OXEULFDQW XSWDNH ZDV �� PJ�

2QFH WKH EHDULQJ ZDV DVVHPEOHG� LW ZDV PRXQWHG LQWR

WKH V\VWHP DQG DQ �� 1 ORDG ZDV DSSOLHG� 7KLV ORDG

FRUUHVSRQGV WR DQ DSSUR[LPDWH PD[LPXP +HUW]LDQ

VWUHVV RI ��� *3D DW WKH EDOO�UDFH FRQWDFW� 7KH FKDPEHU

ZDV HYDFXDWHG� :KHQ WKH SUHVVXUH GURSSHG EHORZ

�[���� 7RUU� WKH WHVW VWDUWHG� 7KH EHDULQJ ZDV VSXQ DW

��� 530�

7KH EHDULQJ ZDV UXQ IRU WZHQW\�IRXU KRXUV WR DFKLHYH

VWHDG\ VWDWH RSHUDWLQJ FRQGLWLRQV� 7KH KHDWHU ZDV WKHQ

WXUQHG RQ DQG WKH EHDULQJ WHPSHUDWXUH UDLVHG WR ���&�

'XULQJ WKLV WLPH� WKH UHVLVWDQFH ZDV PRQLWRUHG WR VWXG\

WKH WUDQVLWLRQ WHPSHUDWXUH EHWZHHQ (+/ DQG

ERXQGDU\�PL[HG OXEULFDWLRQ� 7KH EHDULQJ ZDV UXQ DW

WKHVH FRQGLWLRQV IRU ����� KRXUV DQG WKHQ WKH KHDWHU

WXUQHG RII� 7KH EHDULQJ ZDV DOORZHG WR UHDFK VWHDG\

VWDWH FRQGLWLRQV DQG WKHQ WKH WHVW ZDV WHUPLQDWHG�

8SRQ FRQFOXVLRQ RI WKH WHVW� WKH EHDULQJ ZDV UHZHLJKHG�

,W ZDV WKHQ GLVDVVHPEOHG DQG WKH UHWDLQHU ZDV DOVR

)LJXUH � ² 9DFXXP EHDULQJ ULJ IDFLOLW\ DQG EHDULQJ IL[WXUH
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UHZHLJKHG� 7KH EHDULQJ ZDV WKHQ SKRWRJUDSKHG DQG ,5

VSHFWUD WDNHQ WR GRFXPHQW WKH DPRXQW RI GHJUDGDWLRQ

SURGXFWV SUHVHQW RQ WKH UHWDLQHU� UDFHZD\V� DQG EDOOV�

$ YDULHW\ RI PDWHULDO DQG OXEULFDQW FRPELQDWLRQV ZHUH

WHVWHG DQG DUH OLVWHG LQ 7DEOH �� $IWHU WKH WHVW� WKH

EHDULQJ ZDV UH�ZHLJKHG� GLVDVVHPEOHG� DQG WKH UHWDLQHU

UH�ZHLJKHG� 7KH WRWDO ZHLJKW ORVV� UHWDLQHU ZHLJKW ORVV�

DQG GLIIHUHQFH EHWZHHQ WKHP DUH OLVWHG LQ 7DEOH ��

7$%/( � ² /XEULFDQW ZHLJKW ORVV

5(68/76

$OO RI WKH EHDULQJV OXEULFDWHG ZLWK .U\WR[ KDG D EODFN

UHVLGXH RQ DW OHDVW VRPH WKHLU FRPSRQHQWV� 7KH

UHWDLQHUV DOVR DSSHDUHG WR EH GU\ DQG QR IUHH RLO FRXOG

EH VHHQ LQ WKH EHDULQJ RU RQ WKH EDOOV�

%HDULQJ � ����& EDOOV�SKHQROLF FDJH� VKRZHG PRGHUDWH

DPRXQWV RI GHJUDGDWLRQ SURGXFWV RQ DOO RI WKH

FRPSRQHQWV� 7KH LQVLGHV RI WKH UHWDLQHU SRFNHWV

VKRZHG WKH KHDYLHVW EXLOGXS RI UHVLGXH� 7KH EDOOV KDG D

GXOO ILQLVK DQG EODFN UHVLGXH LV HYHQO\ VSUHDG DFURVV WKH

VXUIDFH� ,Q WKH JURYHV RI WKH UDFHZD\V� D VLPLODU

DSSHDUDQFH ZDV REVHUYHG� $OO RI WKH SDUWV ORRNHG GU\�

%HDULQJ � �7L& FRDWHG EDOOV�SRO\LPLGH FDJH� KDG D

VLPLODU DSSHDUDQFH WR EHDULQJ �� H[FHSW WKH EDOOV ZHUH

VKLQ\ ZLWK YHU\ OLWWOH EODFN UHVLGXH RQ WKHP� 7KH UHWDLQHU

DOVR KDG D JUHDWHU EXLOGXS RI UHVLGXH RXWVLGH RI WKH EDOO

SRFNHWV WKDQ WKH EHDULQJ � UHWDLQHU� $JDLQ� DOO RI WKH

SDUWV ORRNHG GU\�

%HDULQJ � �7L& FRDWHG EDOOV�3E FRDWHG UDFHZD\V� KDG

DSSUR[LPDWHO\ KDOI WKH DPRXQW RI UHVLGXH RQ DOO RI WKH

SDUWV H[FHSW WKH EDOOV� 7KH DPRXQW RI UHVLGXH RQ WKH

EDOOV ZDV QRW HYHQ� UDQJLQJ IURP EHLQJ FRPSOHWHO\

FRYHUHG LQ UHVLGXH WR EDUHO\ D WUDFH� 1R IUHH RLO ZDV

REVHUYHG LQ WKH EHDULQJ DQG WKH UHWDLQHU DOVR DSSHDUV

GU\�

%HDULQJ � �.U\WR[ ���$% � D SKRVSKLQH DGGLWLYH� KDG

OLWWOH UHVLGXH RQ WKH UDFHZD\V� $OO RI WKH EDOOV ZHUH GXOO

DQG FRYHUHG ZLWK WKH UHVLGXH� 7KH UHWDLQHU KDG D

PRGHUDWH DPRXQW RI EXLOGXS LQVLGH WKH EDOO SRFNHWV DQG

D IDLU DPRXQW RI UHVLGXH DURXQG WKH RXWVLGH� 7KH

EHDULQJ ZDV GU\�

%HDULQJ � �KLJKHU YLVFRVLW\ .U\WR[ IOXLG� ZDV WKH PRVW

SULVWLQH RI WKH EHDULQJV WKDW XVHG .U\WR[ EDVHG

OXEULFDWLRQ� 7KH RQO\ VLJQ RI UHVLGXH ZDV D VOLJKW EDQG

RQ WKH JURRYH RI WKH LQQHU UDFH� $OO RI WKH RWKHU SDUWV

ORRNHG DV WKH\ KDG XSRQ EXLOGXS� +RZHYHU� QR IUHH RLO

ZDV LQ WKH EHDULQJ DQG WKH UHWDLQHU ORRNHG GU\ XSRQ

FRQFOXVLRQ RI WKH WHVW�

%HDULQJ � �.U\WR[ ���$% � �� DQWLFRUURVLRQ DGGLWLYH�

VKRZHG UHVLGXH RQ WKH LQVLGHV RI DOO RI WKH EDOO SRFNHWV�

7KH EDOOV WKHPVHOYHV ZHUH EODFNHQHG� KDYLQJ PRUH

UHVLGXH RQ WKHP WKDQ DQ\ RWKHU SDUW IURP DQ\ RWKHU

EHDULQJ LQ WKLV WHVW� 7KH UDFHZD\V ZHUH IUHH RI UHVLGXH

DQG ORRNHG SULVWLQH� 1R IUHH RLO ZDV REVHUYHG LQ WKH

EHDULQJ�

8SRQ WHDUGRZQ� EHDULQJ � �3HQWDVLODK\GURFDUERQ�

ORRNHG DV LW KDG XSRQ EXLOGXS� 1R VLJQV RI GHJUDGDWLRQ

SURGXFWV ZHUH REVHUYHG DQG WKHUH ZDV DPSOH IUHH RLO LQ

WKH EHDULQJ DQG RQ WKH EDOOV� 7KH UHWDLQHU VWLOO KDG D

¶ZHW· DSSHDUDQFH� DQG HYHQ KDG D SRRO RI RLO QHDU WKH

EDOO SRFNHWV�

�

7RWDO /RVV

�PJ�

5HWDLQHU /RVV

�PJ�

'LIIHUHQFH

�PJ�

� ���� ���� ����

� 1�$ ���� 1�$

� ���� ���� ����

� ���� ���� ����

� ���� ���� ����

� ���� ���� ����

� ��� 1�$ 1�$

� ���� 1�$ 1�$

7$%/( � ² 7HVWHG EHDULQJ PDWHULDOV DQG OXEULFDQW FKDUJHV

� /XEULFDQW %DOO 0DWHULDO 5DFH 0DWHULDO

&DJH

0DWHULDO

5HWDLQHU /XEH

8SWDNH �PJ�

%HDULQJ /XEH

)UHH 2LO �PJ�

� .U\WR[ ���$% ���& ���& 3KHQROLF �� ����

� .U\WR[ ���$% 7L& &RDWHG ���& ���& 3RO\LPLGH ��� ����

� .U\WR[ ���$% 7L& &RDWHG ���& /HDG &RDWHG ���& 3RO\LPLGH ��� ����

� .U\WR[ ���$% � 0/2����� ���& ���& 3RO\LPLGH ��� ���

� .U\WR[ *3/���� ���& ���& 3RO\LPLGH ��� ����

� .U\WR[ IRUPXODWLRQ 7)/����� ���& ���& 3RO\LPLGH ��� ����

� 3HQWDVLODK\GURFDUERQ ���& ���& 3RO\LPLGH �� ����

� 3HQQ]DQH ����$ ���& ���& 3RO\LPLGH �� ���
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%HDULQJ � �3HQQ]DQH ����$� H[KLELWHG WKH VDPH

DSSHDUDQFH DQG UHVLGXDO RLO DV EHDULQJ �� 7KH DPRXQW

RI GHJUDGDWLRQ SURGXFWV RQ HDFK EHDULQJ LV VXPPDUL]HG

LQ 7DEOH ��

7$%/( � ² $PRXQW RI GHJUDGDWLRQ SURGXFWV IRXQG

RQ HDFK SDUW RI EHDULQJ

�

2XWHU

5DFH

,QQHU

5DFH 5HWDLQHU %DOOV

� 0RGHUDWH 0RGHUDWH 0RGHUDWH 0RGHUDWH

� 0RGHUDWH 0RGHUDWH 0RGHUDWH /LJKW

� /LJKW /LJKW /LJKW 0RGHUDWH

� /LJKW /LJKW 0RGHUDWH 0RGHUDWH

� 1RQH /LJKW 1RQH 1RQH

� 1RQH 1RQH /LJKW +HDY\

� 1RQH 1RQH 1RQH 1RQH

� 1RQH 1RQH 1RQH 1RQH

',6&866,21

7UDQVLWLRQ IURP HODVWRK\GURG\QDPLF WR PL[HG OXEULFDWLRQ

RFFXUUHG DW DSSUR[LPDWHO\ ���& ZLWK .U\WR[ ���$%�

ZKLFK FRUUHODWHV ZHOO ZLWK SUHYLRXV UHVXOWV >�@�

$ UHGXFWLRQ LQ WKH DPRXQW RI GHJUDGDWLRQ SURGXFWV ZDV

HYLGHQW LQ WKH EHDULQJ ZLWK WKH OHDG�FRDWHG UDFHZD\V

ZKHQ FRPSDUHG WR WKH XQFRDWHG UDFHZD\V� 7KH

UHGXFWLRQ LV DWWULEXWHG WR WKH ORZHU VXUIDFH URXJKQHVV�

DOORZLQJ IRU HDVLHU (+' ILOP IRUPDWLRQ� DQG UHGXFHG

UHDFWLYLW\ EHWZHHQ WKH .U\WR[ DQG OHDG�

$OVR� XVLQJ WKH LQFUHDVHG YLVFRVLW\ .U\WR[ *3/����

UHGXFHG WKH DPRXQW RI GHJUDGDWLRQ SURGXFWV IRUPHG

FRPSDUHG ZLWK WKH .U\WR[ ���$% DQG LV PRVW OLNHO\ GXH

WR WKH LQFUHDVHG (+' ILOP WKLFNQHVV� )RU WKHVH WHVWV�

XQFRDWHG ���& EDOOV DQG UDFHV ZHUH XVHG ZLWK WKH *3/�

���� EXW LW LV H[SHFWHG WKDW WKH VDPH EHQHILWV WKDW ZHUH

REVHUYHG XVLQJ FRDWHG EDOOV DQG UDFHZD\V ZLWK WKH

���$% ZRXOG EH REVHUYHG ZLWK WKH *3/�����

%RWK DGGLWLYH IRUPXODWLRQV RI .U\WR[ H[KLELWHG D UHGXFHG

DPRXQW RI GHJUDGDWLRQ SURGXFWV RQ WKH UDFHZD\V� EXW D

PXFK JUHDWHU DPRXQW RQ WKH EDOOV WKHPVHOYHV�

7KH EHDULQJV OXEULFDWHG ZLWK WKH SHQWDVLODK\GURFDUERQ

DQG 3HQQ]DQH ����$ IDUHG WKH EHVW� 1HLWKHU VKRZHG

DQ\ LQGLFDWLRQ RI OXEULFDQW GHJUDGDWLRQ DQG KDG YLVLEOH

DPRXQWV RI IUHH RLO UHPDLQLQJ DIWHU WKH WHVW� 7KHVH WHVWV

ZHUH DOVR FRQGXFWHG XVLQJ QRQ�FRDWHG SDUWV� 5HSODFLQJ

WKH EDOOV ZLWK 7L&�FRDWHG ���& EDOOV DQG�RU FRDWLQJ WKH

UDFHZD\V ZRXOG ORZHU WKH FRPSRVLWH VXUIDFH URXJKQHVV

DQG DOORZ IRU HYHQ EHWWHU (+' RSHUDWLRQ DW ORZHU VSHHGV

DQG KLJKHU WHPSHUDWXUHV� /HDG FRDWHG UDFHZD\V DOVR

SURYLGH D SURWHFWLYH OD\HU LQ FDVH RI DVSHULW\ FRQWDFW

WKURXJK WKH (+' ILOP�

&21&/86,216

7KH VLODK\GURFDUERQ DQG 3HQQ]DQH ����$ H[KLELWHG WKH

EHVW EHKDYLRU GXULQJ WKHVH VKRUW�WHUP� KLJK WHPSHUDWXUH

WHVWV DQG VKRXOG EH FRQVLGHUHG IRU ORQJHU�WHUP WHVWV�

$OVR� D KLJKHU YLVFRVLW\ .U\WR[ IOXLG H[KLELWHG D FOHDU

LPSURYHPHQW RYHU WKH FXUUHQWO\ XVHG .U\WR[ DQG VKRXOG

EH FRQVLGHUHG DV DQ DOWHUQDWLYH WR WKH FXUUHQW V\VWHP�

7L& FRDWHG EDOOV DQG OHDG FRDWHG UDFHZD\V DOVR UHVXOWHG

LQ LPSURYHG EHDULQJ DSSHDUDQFH XVLQJ .U\WR[ EDVHG

OXEULFDQWV WKURXJK UHGXFHG FRPSRVLWH VXUIDFH URXJKQHVV

DQG UHGXFHG FKHPLFDO UHDFWLYLW\ EHWZHHQ WKH VXUIDFH

DQG WKH OXEULFDQW� 7KH OHDG FRDWLQJ DOVR SURYLGHV

OXEULFDWLRQ GXULQJ DVSHULW\ FRQWDFWV�

5()(5(1&(6

1.  ´*2(6 ,�0 'DWD%RRN�µ /RUDO 6SDFH 6\VWHPV� 5HI �6²
���²��� $XJXVW �����

2.  -RQHV� :�5�� -U�� -DQVHQ� 0�-�� ´6SDFH 7ULERORJ\�µ &KSW ��
IURP 0RGHUQ 7ULERORJ\ +DQGERRN� SS� ����²����� &5&
3UHVV� 1HZ <RUN� �����

3.  'LG]LXOLV� 6�9�� &DUUp� '�-�� 5DGKDNULVKQDQ� *�� ´$QDO\VHV
RI /XEULFDQW DQG %DOO %HDULQJ 6DPSOHV IURP WKH
1$6$�*2(6 )LOWHU :KHHO /LIH 7HVW�µ $HURVSDFH 5HSRUW
$75²��������²�� 6HSW� ��� �����

4.  -DQVHQ� 0�-�� -RQHV� :�5�� -U�� 3HSSHU� 6�9�� 3UHGPRUH�
5�(�� 6KRJULQ� %�$�� ´(+/ 7UDQVLWLRQ 7HPSHUDWXUH
0HDVXUHPHQWV RQ D *HRVWDWLRQDU\ 2SHUDWLRQDO
(QYLURQPHQWDO 6DWHOOLWH �*2(6� )LOWHU :KHHO %HDULQJ�µ
1$6$�70������������ -DQXDU\ �����

5.  &RQOH\� 3� 6SDFH 9HKLFOH 0HFKDQLVPV� -RKQ :LOH\ 	
6RQV� ,QF�� �����

6.  -RQHV� :�5�� 3HSSHU� 6�9�� -DQVHQ� 0�-�� 1JX\HQ� 4�1��
:KHHOHU� '�5�� 6FKU|HU� ´7KH (IIHFW RI 6WUHVV DQG 7L&
&RDWHG %DOOV RQ /LIHWLPH RI D 3HUIOXRURSRO\DON\OHWKHU
8VLQJ $ 9DFXXP 5ROOLQJ &RQWDFW 7ULERPHWHU�µ
1$6$�70������������ 0DUFK �����

7.  -DQVHQ� 0�-�� -RQHV� :�5�� -U�� 3HSSHU� 6�9�� :KHHOHU�
'�5�� )O�KPDQQ� )�� 6FKU|HU� $�� /RHZHQWKDO� 6�+��
6KRJULQ� %�$�� ´7KH (IIHFW RI 7L& &RDWHG %DOOV DQG 6WUHVV
RQ WKH /XEULFDWHG /LIHWLPH RI D 6\QWKHWLF +\GURFDUERQ
�3HQQ]DQH ����$� 8VLQJ D 9DFXXP 6SLUDO 2UELW
7ULERPHWHU�µ 1$6$�70������������ 2FWREHU �����

8.  .RQFKLWV� 9�9�� 0\VKNLQ� 1�.�� ´(YDOXDWLRQ RI WKH ,QWHUIDFH
DW %RXQGDU\ /XEULFDWLRQ 8VLQJ WKH 0HDVXUHPHQW RI
(OHFWULF &RQGXFWLYLW\�µ Wear� ���� ��²��� �����

9.  -RQHV� :�5�� -U�� 3HSSHU� 6�9�� +HUUHUD�)LHUUR� 3��
)HXFKWHU� '�� 7RGG\� 7�-�� -D\QH� '�7�� :KHHOHU� '�5��
$EOH� 3�%�� .LQJVEXU\� (�� 0RUDOHV� :�� -DQVHQ� 5�+��
(ELKDUD� %�� +HOPLFN� /�6�� 0DVXNR� 0�� ´7KH 3UHOLPLQDU\
(YDOXDWLRQ RI /LTXLG /XEULFDQWV IRU 6SDFH $SSOLFDWLRQV E\
9DFXXP 7ULERPHWU\�µ 3URF� IURP WKH ��WK $HURVSDFH 0HFK�
6\PS�� &OHYHODQG� 2KLR� 0D\ ��²��� �����
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